Introduction {#s1}
============

Coronavirus disease 2019 (COVID-19), which was first reported in Wuhan, Hubei Province in December 2019, has since spread to the southwest region in an extremely short time.[@R1] The spread of the virus prompted Chinese officials to partially lock down major cities and strengthen public health interventions before the Spring Festival.[@R2] Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), sustained by person-to-person transmission, has impacted multiple countries and has become a major threat to public health around the world.[@R3] As of 25 April 2020, the SARS-CoV-2 had sickened 2 686 785 and killed 184 681 people worldwide. Due to the acute onset and rapid progressive nature of COVID-19, some patients follow an unusually aggressive clinical course, developing acute respiratory distress syndrome (ARDS).[@R4]

Massive financial resources and a great number of researchers have been devoted to containing the disease quickly and achieving a rapid progress in our understanding of COVID-19. Wu *et al* [@R2] have found that the basic reproductive number R0 for SARS-CoV-2 is 2.68 (95% CI 2.47 to 2.86), exceeding WHO estimates of 1.4--2.5. Epidemiological studies have demonstrated that underlying diseases are present more so in critically ill patients than in mild patients.[@R5] As the most common coexisting medical condition, cardiovascular diseases (CVDs) are not only increasing the economic burden of the government but also threatening the outcome of patients with COVID-19. Whether COVID-19 patients with CVD are more likely to develop severe disease in a short amount of time is a question demanding attention. The aims of this study were to explore the early clinical characteristics of patients with CVD diagnosed with COVID-19 and to provide clues to assist experts in the early stage of clinical management.

Methods {#s2}
=======

Study design and participants {#s2-1}
-----------------------------

We conducted a retrospective study using an electronic medical records system. A total of 663 patients who were hospitalised and diagnosed with COVID-19 in the Renmin Hospital of Wuhan University from 11 January to 6 February 2020 were enrolled in this study. Renmin Hospital of Wuhan University, where patients with severe COVID-19 were diagnosed and treated in Wuhan, is a comprehensive hospital that serves as an education facility for both the Department of Health Care and the Department of Education. Patients with uncertain diagnosis or incomplete information (n=119) were excluded from the present study to minimise assessment bias. Hospitalised mild patients (n=3) with COVID-19 were also excluded from the present study due to the unreliability of applying reference rates to this group. A total of 541 patients with COVID-19 were ultimately included, 309 of whom were also included in a previous publication.[@R7]

According to the official treatment and management policy during follow-up, all costs of COVID-19 treatment were covered by the Chinese medical insurance, and all patients underwent hospitalisation to control the progression and spread of the disease. Mild and partly ordinary patients were treated in cabin hospitals. Therefore, this study also includes ordinary patients, in addition to severe and critical patients. A confirmed case of COVID-19 was defined as a positive result on real-time reverse transcription PCR (RT-PCR), consistent with epidemic history, clinical symptoms and radiographic results.[@R8] All cases were reviewed by three physicians (JZ, XW, JL) using the New Coronavirus Pneumonia Prevention and Control Program (Sixth Edition) published by the Chinese National Health Commission.[@R9]

Data collection {#s2-2}
---------------

The chart records of all patients were critically and simultaneously reviewed by three physicians, respectively. Data, including demographics (age and gender), family history, disease duration, presence of other underlying diseases (concomitant diseases, malignant tumour and so on), clinical characteristics, laboratory test results, CT, period of treatment, therapeutic effect and disease severity, were obtained through review of electronic medical records. Underlying diseases, clinical characteristics, laboratory test results and CT were defined by the values on a patient's admission. A customised data collection form was used for information clustering and statistical analysis. The clinical outcomes were followed up until 9 March 2020.

The real-time RT-PCR assay was performed using a SARS-CoV-2 nucleic acid detection kit, according to the manufacturer's protocol (Shanghai bio-germ Medical Technology Co Ltd) and following the WHO guidelines[@R10] in the laboratory medical centre of Renmin Hospital of Wuhan University, one of the first centres assigned by the government for viral testing. The laboratory tests for clinical lab index were performed in this laboratory medical centre. The serum levels of laboratory biomarkers (aspartate aminotransferase (AST), alanine aminotransferase, creatinine, lactate dehydrogenase and C reactive protein (CRP)) which were used to predict organ damage and inflammation in the body were referred to the 95th percentile upper reference limit.

Definitions {#s2-3}
-----------

The following are the clinical classifications of COVID-19 in adults, according to the New Coronavirus Pneumonia Prevention and Control Program (Sixth Edition)[@R9]: (1) mild: patients may have minor symptoms such as nasal congestion, muscle pain without changes on imaging and symptoms of pneumonia; (2) ordinary: patients have non-specific symptoms such as fever, cough, sore throat or malaise, with imaging features of pneumonia and no signs of severe pneumonia; (3) severe: patients have one of the following: respiratory distress, with respiratory rate higher than 30 times per minute, fingertip blood oxygen saturation of less than 93% at rest, and progress of lesions on imaging of more than 50% within 24--48 hours; and (4) critical: patients have one of the following: respiratory failure or requiring mechanical ventilation, shock condition, and other organ failure that requires treatment in an intensive care unit.

The recovery standards[@R9] are as follows: (1) two or more consecutive viral nucleic acid tests are negative (sampling time should be at least 1 day apart); (2) improvement in clinical symptoms is identified by the attending physician; (3) clinical indexes have returned to normal or have markedly improved compared with former; and (4) gradual improvement of pulmonary inflammation on imaging analysis (obviously reduced shadow area).

Statistical analysis {#s2-4}
--------------------

Data were collected in Excel and imported into SPSS V.23. Continuous variables that were normally distributed were expressed as mean±SD, and categorical variables were expressed as count (%). Independent sample t-test was applied for normally distributed continuous data, and χ^2^ test or Fisher's exact test was applied for categorical data. Independent risk factors for developing severe or critical illness were determined by multivariable logistic regression analysis. Baseline variables that were considered clinically relevant (male, age, underlying disease)[@R4] or laboratory test data that showed a univariate relationship with outcome were entered into multivariate regression model. All available variables were collected and carefully chosen to ensure parsimony of the final model, while those associated with CVD such as CRP or factors collinear with other main variables were excluded. P\<0.05 was considered statistically significant.

Results {#s3}
=======

Basic characteristics {#s3-1}
---------------------

After excluding 119 cases with incomplete information and 3 other cases diagnosed as a mild type of COVID-19, a total of 541 incident cases of COVID-19 were ultimately included, of whom 33.6% (182 cases) were ordinary patients, 52.5% (284 cases) were severe and 13.9% (75 cases) were critically ill. Nearly 47.1% of the 541 patients with COVID-19 were male, with an average (SD) age at index date of 57.62 (16.7) years. The symptoms of patients with COVID-19 were mainly in the respiratory and gastrointestinal systems, and included fever (80.2%), cough (62.3%), fatigue (32.9%), sputum production (26.1%), chest congestion (24.0%), dyspnoea (24.0%), diarrhoea (11.6%), nausea (4.8%) and emesis (2.4%). Disorders of other systems could also be observed in some patients: dizziness (3.5%), headache (3.5%), disturbance of consciousness (1.7%) and arthralgia (9.8%). In addition, lymphocytes and haemoglobin were below the normal range in a great number of patients, while more than 50% had elevated CRP (\>10 mg/L) and lactic dehydrogenase. Furthermore, some patients had abnormalities in creatinine and liver function, with varying degrees of liver and kidney damage. Fifty-three (9.8%) patients had died before they were due for follow-up.

Clinical characteristics and laboratory results in patients with and without CVD {#s3-2}
--------------------------------------------------------------------------------

A total of 144 (26.6%) patients with COVID-19 had a history of CVD, while 397 (73.4%) patients did not ([table 1](#T1){ref-type="table"}). Among the CVD group, 125 patients had hypertension, 41 had coronary heart disease, 8 had cerebrovascular disease, 12 had arrhythmia, 1 had dilated heart disease and 1 had pericardial effusion; 40 of them had two or more CVDs ([table 2](#T2){ref-type="table"}). There were no significant differences with regard to sex and various symptoms in the two groups, aside from symptoms of sputum production (p=0.026). Laboratory test data show that elevated leucocytes and CRP were more prevalent in the CVD group (p\<0.05). The presence of lymphocytes, haemoglobin and albumin below the normal range was also more common in the CVD group (p\<0.05). Patients with CVD were also more likely to develop liver function abnormality, elevated blood creatinine and lactic dehydrogenase (p\<0.05). Furthermore, the mortality of patients with CVD reached 22.2%, which was higher than that of the overall population of this study (9.8%), while the mortality of patients with two or more CVDs was as high as 42.5%. The proportion of critically ill patients in the CVD group (27.8%) was significantly higher than in the group with no CVD (8.8%). Patients meeting the recovery standards were more prevalent in the group without CVD (30.0%), but the difference was not statistically significant (p=0.197) ([table 1](#T1){ref-type="table"}). After comparison of the outcomes of patients with different CVDs, the results showed that among patients who had coronary heart disease alone or cerebrovascular disease alone and patients with more than two different types of CVD simultaneously, the mortality rate was higher than 40% and the proportion of critical patients was higher than 30% ([table 2](#T2){ref-type="table"}).

###### 

Differences between COVID-19 patients with or without CVD

  --------------------------------------------------------------------------------------------
  Variable                                Without CVD (n=397)\   With CVD (n=144)\   P value
                                          n (%)                  n (%)               
  --------------------------------------- ---------------------- ------------------- ---------
  Male                                    183 (46.1)             72 (50.0)           0.437

  Age                                                                                

  Mean (SD)                               53.25±16.29            69.66±10.94         \<0.001

  ≤40                                     105 (26.4)             0 (0)               

  40--60                                  138 (34.8)             30 (20.8)           

  60--80                                  138 (34.8)             90 (62.5)           

  \>80                                    16 (4.0)               24 (16.7)           

  Fever                                   316 (79.6)             118 (81.9)          0.626

  Fatigue                                 125 (31.5)             53 (36.8)           0.256

  Cough                                   244 (61.5)             93 (64.6)           0.548

  Sputum production                       93 (23.4)              48 (33.3)           0.026

  Chest congestion                        91 (22.9)              39 (27.1)           0.362

  Dizziness                               13 (3.3)               6 (4.2)             0.603

  Headache                                13 (3.3)               6 (4.2)             0.603

  Dyspnoea                                89 (22.4)              41 (28.5)           0.172

  Disturbance of consciousness            5 (1.3)                4 (2.8)             0.256

  Arthralgia                              40 (10.1)              13 (9.0)            0.870

  Stomach-ache                            2 (0.5)                3 (2.1)             0.120

  Diarrhoea                               45 (11.3)              18 (12.5)           0.762

  Nausea                                  15 (3.8)               11 (7.6)            0.071

  Emesis                                  7 (1.8)                6 (4.2)             0.118

  Leucocytes \<3.5×10⁹/L                  41 (10.3)              13 (9.0)            0.747

  Leucocytes \>9.5×10⁹/L                  36 (9.1)               32 (22.2)           \<0.001

  Lymphocytes \<1.1×10⁹/L                 203 (51.1)             93 (64.6)           0.006

  Haemoglobin \<115.0 g/L                 122 (30.7)             71 (49.3)           \<0.001

  Albumin \<40.0 g/L                      277 (69.8)             120 (83.3)          0.001

  C reactive protein \>10.0 mg/L          265 (66.8)             121 (84.0)          \<0.001

  Aspartate aminotransferase \>35.0 U/L   99 (24.9)              50 (34.7)           0.029

  Alanine aminotransferase \>40.0 U/L     93 (23.4)              41 (28.5)           0.260

  Serum creatinine \>81.0 μmol/L          37 (9.3)               27 (18.8)           0.004

  Lactate dehydrogenase \>250.0 U/L       190 (47.9)             93 (64.6)           0.001

  Disease grade                                                                      

   Ordinary                               154 (38.8)             28 (19.4)           

   Severe                                 208 (52.4)             76 (52.8)           

   Critical                               35 (8.8)               40 (27.8)           \<0.001

   Death                                  21 (5.3)               32 (22.2)           \<0.001

   Recovered                              119 (30.0)             35 (24.3)           0.197
  --------------------------------------------------------------------------------------------

CVD, cardiovascular disease.

###### 

Classification of cardiovascular diseases

  Underlying cardiovascular diseases (n=144)   Ordinary, n (%)   Severe, n (%)   Critical, n (%)   Healing, n (%)   Death, n (%)
  -------------------------------------------- ----------------- --------------- ----------------- ---------------- --------------
  Cardiovascular diseases (n=144)              28 (19.4)         76 (52.8)       40 (27.8)         35 (24.3)        32 (22.2)
  Hypertension (n=125)                         23 (18.4)         67 (53.6)       35 (28.0)         32 (25.6)        28 (22.4)
  Coronary heart disease (n=41)                5 (12.2)          22 (53.7)       14 (34.1)         6 (14.6)         17 (41.5)
  Abnormal heart rhythms (n=12)                3 (25.0)          4 (33.3)        5 (41.7)          2 (16.7)         4 (33.3)
  Cerebrovascular disease (n=8)                0 (0)             6 (75.0)        2 (25.0)          1 (12.5)         5 (62.5)
  Two or more cardiovascular diseases (n=40)   3 (7.5)           22 (55.0)       15 (37.5)         6 (15.0)         17 (42.5)

Differences between patients in various conditions {#s3-3}
--------------------------------------------------

[Table 3](#T3){ref-type="table"} presents the differences between ordinary, severe and critical patients. Among the 541 patients on admission, 52.5% (284 patients) were classified as severe COVID-19, while 33.6% (182 patients) and 13.9% (75 patients) were classified as ordinary and critical, respectively. Critical patients were significantly older than patients in the other groups, and their age mainly ranged from 60 to 80 years (p\<0.05). The proportion of patients with CVD increased stepwise in the ordinary, severe and critical groups (p\<0.001). The proportion of patients with respiratory illness in the critical group was higher than in the other groups (p\<0.05). The prevalence of albumin and lymphocytes below the normal range, elevated CRP and lactic dehydrogenase, and abnormal blood creatinine and liver function index in patients with severe COVID-19 was higher than in the ordinary group, and these become gradually common as COVID-19 classification is upgraded (p\<0.05).

###### 

Differences between patients in various conditions

  ----------------------------------------------------------------------------------------------------------
  Variable                                Ordinary (n=182)\   Severe (n=284)\   Critical (n=75)\   P value
                                          n (%)               n (%)             n (%)              
  --------------------------------------- ------------------- ----------------- ------------------ ---------
  Male                                    75 (41.2)           135 (47.5)        45 (60.0)          0.023

  Age                                                                                              

   Mean (SD)                              49.26±16.13         60.35±15.40       67.57±13.84        \<0.001

   ≤40                                    63 (34.6)           37 (13.0)         5 (6.7)            

   40--60                                 70 (38.5)           82 (28.9)         16 (21.3)          

   60--80                                 45 (24.7)           142 (50.0)        41 (54.7)          

   \>80                                   4 (2.2)             23 (8.1)          13 (17.3)          

  Respiratory system disease              12 (6.6)            20 (7.0)          13 (17.3)          0.010

  Malignant tumour                        1 (0.5)             9 (3.2)           2 (2.7)            0.149

  Endocrine system disease                13 (7.1)            38 (13.4)         11 (14.7)          0.077

  Urinary system disease                  6 (3.3)             10 (3.5)          5 (6.7)            0.402

  Cardiovascular diseases                 28 (15.4)           76 (26.8)         40 (53.3)          \<0.001

  Hypertension                            23 (12.6)           67 (23.6)         35 (46.7)          \<0.001

  Coronary heart disease                  5 (2.7)             22 (7.7)          14 (18.7)          \<0.001

  Abnormal heart rhythms                  3 (1.6)             4 (1.4)           5 (6.7)            0.037

  Cerebrovascular disease                 0 (0)               6 (2.1)           2 (2.7)            0.070

  Leucocytes \<3.5×10⁹/L                  16 (8.8)            33 (11.6)         5 (6.7)            0.368

  Leucocytes \>9.5×10⁹/L                  15 (8.2)            24 (8.5)          29 (38.7)          \<0.001

  Haemoglobin \<115.0 g/L                 41 (22.5)           123 (43.3)        29 (38.7)          \<0.001

  Lymphocytes \<1.1×10⁹/L                 63 (34.6)           169 (59.5)        64 (85.3)          \<0.001

  C reactive protein \>10.0 mg/L          92 (50.5)           225 (79.2)        69 (92.0)          \<0.001

  Albumin \<40.0 g/L                      117 (64.3)          212 (74.6)        68 (90.7)          \<0.001

  Lactate dehydrogenase \>250.0 U/L       54 (29.7)           165 (58.1)        64 (85.3)          \<0.001

  Aspartate aminotransferase \>35.0 U/L   33 (18.1)           83 (29.2)         33 (44.0)          \<0.001

  Alanine aminotransferase \>40.0 U/L     34 (18.7)           76 (26.8)         24 (32.0)          0.042

  Serum creatinine \>81.0 μmol/L          10 (5.5)            31 (10.9)         23 (30.7)          \<0.001

  Death                                   5 (2.7)             13 (4.6)          35 (46.7)          \<0.001
  ----------------------------------------------------------------------------------------------------------

Associations between CVD and clinical classification and outcomes of disease {#s3-4}
----------------------------------------------------------------------------

We performed multivariable logistic regression analysis to identify potential independent factors related to the outcome. First, comparing critically ill patients with non-critical patients showed that CVD (OR: 2.735 (95% CI 1.495 to 5.003), p=0.001), elevated AST (OR: 1.783 (95% CI 1.061 to 3.128), p=0.044), elevated creatinine (OR: 2.656 (95% CI 1.355 to 5.203), p=0.004) and albumin below the normal range (OR: 2.891 (95% CI 1.228 to 6.803), p=0.015) were associated with critical COVID-19 condition ([table 4](#T4){ref-type="table"}). After supplementary analysis of CVD details, we found that hypertension (OR: 2.051 (95% CI 1.104 to 3.808), p=0.023) was associated with critical disease ([online supplementary table 1](#SP1){ref-type="supplementary-material"}). Second, when we compared ordinary with other patients, analysis showed that age (OR: 1.042 (95% CI 1.027 to 1.057), p\<0.001), elevated AST (OR: 1.716 (95% CI 1.063 to 2.769), p=0.027) and haemoglobin below the normal range (OR: 1.833 (95% CI 1.166 to 2.882), p=0.009) were associated with severe and critical COVID-19 condition, while CVD (OR: 1.114 (95% CI 0.649 to 1.910), p=0.696) has no significant association ([table 4](#T4){ref-type="table"}).
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###### 

Comparison of factors associated with ordinary/severe versus critical and ordinary versus severe/critical disease in logistic regression analysis

  Variable                              Ordinary/severe vs critical   Ordinary vs severe/critical                                     
  ------------------------------------- ----------------------------- ----------------------------- ------- ------- ----------------- ---------
  Male                                  1.490                         0.857 to 2.592                0.157   1.315   0.878 to 1.970    0.184
  Age                                   1.019                         0.998 to 1.041                0.083   1.042   1.027 to 1.057    \<0.001
  Respiratory system disease            2.000                         0.881 to 4.544                0.098   0.715   0.333 to 1.536    0.390
  Malignant tumour                      1.296                         0.232 to 7.244                0.768   4.044   0.493 to 33.153   0.193
  Endocrine system disease              0.865                         0.391 to 1.914                0.721   1.331   0.657 to 2.696    0.428
  Urinary system disease                1.372                         0.427 to 4.413                0.596   0.377   0.124 to 1.149    0.086
  Cardiovascular diseases               2.735                         1.495 to 5.003                0.001   1.114   0.649 to 1.910    0.696
  Haemoglobin \<115.0 g/L               0.621                         0.344 to 1.121                0.114   1.833   1.166 to 2.882    0.009
  Albumin \<40 g/L                      2.891                         1.228 to 6.803                0.015   1.072   0.685 to 1.678    0.762
  Serum creatinine \>81 μmol/L          2.656                         1.355 to 5.203                0.004   1.624   0.744 to 3.546    0.223
  Aspartate aminotransferase \>35 U/L   1.783                         1.061 to 3.128                0.044   1.716   1.063 to 2.769    0.027

Lastly, we performed multivariable logistic regression analysis evaluating the predictors of recovery on follow-up of patients with COVID-19. Comparison of patients who were discharged from the hospital (those who met the recovery standards) and those who were not discharged showed that coronary heart disease (OR: 0.331 (95% CI 0.125 to 0.880), p=0.027) and albumin below the normal range (OR: 0.512 (95% CI 0.329 to 0.797), p=0.003) were associated with recovery of patients during follow-up ([table 5](#T5){ref-type="table"}).

###### 

Association between cardiovascular diseases and recovery during follow-up in logistic regression analysis

  Variable                              OR      95% CI           P value
  ------------------------------------- ------- ---------------- ---------
  Male                                  1.264   0.852 to 1.876   0.244
  Age                                   1.010   0.996 to 1.025   0.157
  Respiratory system disease            0.877   0.419 to 1.836   0.727
  Urinary system disease                0.940   0.321 to 2.751   0.910
  Endocrine system disease              2.228   1.208 to 4.106   0.010
  Malignant tumour                      1.096   0.306 to 3.929   0.888
  Haemoglobin \<115.0 g/L               1.407   0.918 to 2.155   0.117
  Albumin \<40 g/L                      0.512   0.329 to 0.797   0.003
  Serum creatinine \>81 μmol/L          0.529   0.259 to 1.078   0.079
  Aspartate aminotransferase \>35 U/L   0.884   0.560 to 1.395   0.596
  Hypertension                          0.846   0.500 to 1.433   0.535
  Coronary heart disease                0.331   0.125 to 0.880   0.027
  Abnormal heart rhythms                0.639   0.127 to 3.203   0.586
  Cerebrovascular disease               0.304   0.031 to 2.931   0.303

Discussion {#s4}
==========

CVD has been proven to be the most common chronic disease in patients with COVID-19.[@R4] It is worth noting the progress of COVID-19 in patients with CVD. In this study of individuals with COVID-19, we first described the epidemiological and clinical characteristics of COVID-19 patients with CVD and further explored the impact of CVD.

This study demonstrates that COVID-19 patients with CVD are more likely to be critically ill and have a higher mortality rate, especially those who simultaneously have different types of CVD. It appears that coronary artery disease and cerebrovascular disease were strongly associated with adverse outcomes within the CVD category. Our study also identified that CVD is an independent risk factor associated with the progression of COVID-19 to a critical illness at the early stage.

COVID-19 patients with underlying CVD are more likely to have elevated CRP, elevated leucocytes and decreased lymphocytes, reflecting a more powerful and lethal inflammatory response. Previous studies have shown that patients with COVID-19 had decreased number of lymphocytes and increased level of serum inflammatory factors (interleukin (IL)-9, IL-1β, interferon (IFN)-γ, tumour necrosis factor (TNF)-α and granulocyte colony-stimulating factor (GCSF)), especially in those who were critically ill, which was consistent with our findings.[@R6] It is well known that inflammatory and biomarkers, such as CRP, are a typical hallmark of cardiac disease and play a critical role in the development and prognosis of CVD.[@R12] For instance, IFN-γ and IL-17 are involved in blood pressure elevation and target organ damage, while IL-6, TNF-α and transforming growth factor-β are significantly associated with the odds of treatment-resistant hypertension.[@R13] As independent predictors of cardiovascular events, elevated leucocytes and decreased lymphocytes have been demonstrated to be implicated in the progression and destabilisation of atherosclerosis.[@R12] Coronary plaque instability has been reported in patients with severe acute respiratory syndrome and HIV.[@R15] Furthermore, SARS-CoV has also been found to mediate myocardial inflammation and damage associated with downregulation of the myocardial ACE2 system.[@R17] We also found that hypertension is an independent risk factor for critical patients, but the mechanism is yet to be proven. The interaction effects between the cytokine storm caused by SARS-CoV-2 and CVD patients with chronic inflammation may be contributing factors to the deterioration of patients' conditions.

In addition, COVID-19 patients with underlying CVD had higher prevalence of liver function abnormality (albumin was decreased, AST was increased), and abnormalities in AST and albumin were more common in the critically ill group. In times of cardiovascular compromise, severe hypoxaemia or increased metabolic activity/demand, the regulatory functions of the liver can be overwhelmed, leading to liver function abnormality.[@R18] Serum aminotransferase levels are used for prognostic evaluation of cardiovascular surgery, particularly in the elderly.[@R19] Based on the pathological manifestations of COVID-19 patient's liver tissue, which showed moderate microvesicular steatosis and mild lobular activity,[@R20] we speculate that, in addition to adverse drug reactions, severe hypoxaemia, increased metabolic activity/demand and passive congestion of the liver might contribute to the more abnormal liver function in COVID-19 patients with CVD, but the significance of these needs to be studied further.

Meanwhile, symptoms of sputum production and increased leucocytes are more common in patients with CVD. In our study, COVID-19 patients with underlying CVD had higher prevalence of albumin and haemoglobin below the normal range, influencing an individual's susceptibility to superinfection, which may be one of the contributors to sputum production.[@R4] An autopsy report of COVID-19 patients with CVD showed a huge amount of grey-white viscous liquid in the lung with pulmonary congestion, which seemed to be consistent with our study.[@R21] As the cardiodepressant factors, the increasing inflammatory markers (TNF-a, IL-1β) in COVID-19 might influence heart function (right heart dilation, ventricular systolic dysfunction), which might also increase the risk of pulmonary congestion and superinfection.[@R22]

Moreover, as a highly infectious disease with high possibility of familial clustering, COVID-19 may cause psychological stress, which could influence progress of CVD. All in all, although it is yet unknown whether COVID-19 causes myocardial inflammation, the more critically ill patients and death in the CVD group might be the result of a persistent combination of more powerful inflammatory response, systemic organ damage and susceptibility to superinfection. CVD as an independent risk factor of the critical type of COVID-19 may lead to exacerbations in patients.

Therefore, a thorough CVD assessment at diagnosis is recommended in patients with COVID-19. At the same time, timely intervention and early multiorgan conservation therapy in COVID-19 patients with underlying CVD are important in disease progression and prognosis.

Limitations {#s4-1}
-----------

There were several limitations to this study. First, this was a single-centre study from our hospital that did not include mild patients and did not reflect the true denominator of the disease. The findings need to be confirmed in larger prospective studies. Second, although we excluded patients with incomplete information, more detailed information (such as smoking, drug information, pre-existing heart failure) and dynamic changes in data were not investigated. Third, we collected the data on admission to analyse the progression and prognosis at an early stage; however, the complications (myocardial infarction, heart failure, ARDS) in the present study population were not evaluated. We need to investigate further to elucidate the interaction between COVID-19 and CVD in order to guide early treatment. Despite the shortcomings described previously, data from this study provide an early assessment of patients with COVID-19, especially those with CVD, to assist in the early management of at-risk populations. Further investigations are warranted to elucidate the interaction between COVID-19 and CVD in order to guide early treatment.

In conclusion, COVID-19 patients with CVD are more likely to become worse and need early intervention and timely monitoring.

###### Key messages

### What is already known on this subject?

-   Cardiovascular disease (CVD) which is prevalent in the general population is also the most common chronic disease in patients with COVID-19.

-   Organ dysfunction caused by COVID-19 is the major cause of early deterioration and death in patients, especially in those with many concomitant diseases.

### What might this study add?

-   We identified that 26.6% of hospitalised patients with COVID-19 had a history of CVD, and nearly one-third simultaneously had different types of cardiovascular diseases.

-   The mortality of patients with CVD reached 22.2%, which was higher than that of the overall population of this study(9.8%).

-   We further found that CVD is an independent risk factor for the critical type of COVID-19, while coronary artery disease and cerebrovascular disease were strongly associated with adverse outcomes within the CVD category.

### How might this impact on clinical practice?

-   Our findings highlight a thorough CVD assessment at diagnosis and timely intervention in COVID-19 patients with underlying CVD to avoid uncontrolled progress.
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